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A t t a c h e d  is a s p e e c h  on robotics and au tomat ion  t h a t  NASA 
A d m i n i s t r a t o r  James M. Beggs w i l l  d e l i v e r  Sept. 4 i n  Washington, 
D.C. H e  w i l l  speak a t  9 a.m. EDT a t  t h e  AIAA/NASA Symposium on 
Automation,  Robotics and Advanced Computing for t h e  N a t i o n a l  
Space Program. I n  t h i s  speech, Beggs s ta tes  t h a t :  

o The Space S t a t i o n  era w i l l  require t h e  best use  of 
au tomat  i o n ,  robotics, and advanced computing. 

o Three categories of au tomat ion  and robotics a p p l i c a t i o n  
are l is ted for  Space S t a t i o n  development.  The f i r s t  are 
a p p l i c a t i o n s  crucial  to  t h e  S t a t i o n ' s  bas ic  o p e r a t i o n s .  A second 
c a t e g o r y  would enhance  t h e  p r o d u c t i v i t y  of t h e  S t a t i o n  b u t  would - -  
n o t  be mandatory f o r  i t s  o p e r a t i o n .  The t h i r d  c a t e g o r y  of 
p o t e n t i a l  a p p l i c a t i o n s  would p r o v i d e  a new g e n e r a t i o n  of machine 
i n t e l l i g e n c e  and robotics for a n  e v o l u t i o n a r y  Space  S t a t i o n .  

o The second and t h i r d  a p p l i c a t i o n s  c a t e g o r i e s  would  
r e q u i r e  a d d i t i o n a l  f u n d i n g  beyond t h e  o r i g i n a l  $8 b i l l i o n  Space 
S t a t i o n  development  budget .  

- end - 
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Thank you, M i l t  ( S i l v e i r a ) ,  and good morning to  you a l l .  On 

Marshall McLuhan once  wrote: " I t  is t h e  c r i t i c a l  v i s i o n  

behalf  of NASA, I ' m  d e l i g h t e d  to  welcome you to  t h i s  most 
i m p o r t a n t  and t i m e l y  symposium. 

a l o n e  which can m i t i g a t e  t h e  unimpeded o p e r a t i o n  o f  t h e  
au tom a t  i c . " 

I am pleased t h a t  t h i s  symposium w i l l  h e l p  u s  to f o c u s  ou r  
c r i t i c a l  v i s i o n  to do j u s t  t h a t .  A s  w e  p r e p a r e  to  e n t e r  t h e  Space - -  
S t a t i o n  era, it is more v i t a l  t h a n  e v e r  to seek ways to  best use  
au tomat ion ,  robotics and advanced computing for o u r  b e n e f i t  on  
ea r th  and i n  space. A l l  three t e c h n o l o g i e s  w i l l  be e s s e n t i a l  t o  
t h e  Space S t a t i o n ' s  o p e r a t i o n  and e v o l u t i o n  and to t h e  f u t u r e  of 
t h e  space program th rough  t h e  end of t h e  c e n t u r y  and beyond. 

t e c h n o l o g i e s  to e n s u r e  t h e i r  most p r o d u c t i v e  a p p l i c a t i o n s .  For, 
j u s t  as people c a n  be locked i n t o  roles t h a t  i n h i b i t  t h e  use  of 
t h e i r  f u l l  capabi l i t i es ,  so can  machines .  

S i n c e  t h e  dawn of t h e  Space Age, we have been s e n d i n g  
unmanned, automated e x t e n s i o n s  of our i n t e l l i g e n c e  i n t o  space. 
Our manned spacecraft a l l  have had some degree of au tomat ion  as 
well. C u r r e n t  space sys t ems  i n c o r p o r a t e  a h i g h  degreee of 
au tomat ion ,  and p l a n s  for t h e  Space S t a t i o n  have a lways  called 
for t h e  use  of remote m a n i p u l a t o r s  and advanced c o n t r o l  d e v i c e s .  
Indeed ,  t h e  Space  S t a t i o n  offers  t h e  o p p o r t u n i t y  to  d e v e l o p  t h e  
e x c i t i n g  p o t e n t i a l  of au tomat ion  and robotics to t h e  f u l l e s t .  

A new g e n e r a t i o n  of these t e c h n o l o g i e s  c o u l d  free humans i n  
space for t h e  jobs t h e y  do best. Over t h e  y e a r s ,  w e  have 
demons t r a t ed  t h a t  people a r e  our most i m p o r t a n t  asse t  i n  s p a c e .  
Human i n t e l l i g e n c e  and v e r s a t i l i t y  have saved  many a s p a c e c r a f t  
and many a l i f e  because  humans c a n  adapt t o  change and t o  
unexpected  problems. L e t  me g i v e  you j u s t  a few examples.  

13's j o u r n e y  to t h e  moon, e n g i n e e r s  on t h e  ground f i g u r e d  out a 
way t o  b r i n g  t h e  crew sa fe ly  back to ear th .  The  a s t r o n a u t s  used 
t h e  small l u n a r  module as a l i f e b o a t  and ,  f o l l o w i n g  i n s t r u c t i o n s  
from t h e  ground,  b u i l t  an  a i r  p u r i f i e r  to keep themse lves  a l i v e .  

Key to t h i s  e f for t  w i l l  be c r e a t i v e  u s e  of these 

- 

When an oxygen t a n k  exploded  i n  A p r i l  1970  d u r i n g  Apollo 
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F i f t e e n  months l a t e r  on Apollo 15,  a f e n d e r  broke off t h e  
moon r o v e r ,  c a u s i n g  t h e  wheel  to k i c k  up so much l u n a r  d u s t  t h a t  
it t h r e a t e n e d  t h e  s a f e t y  of A s t r o n a u t s  Dave Scott  and James 
I r w i n .  The t w o  f a s h i o n e d  a new f e n d e r  from t h e  cove r  of  a f l i g h t  
d a t a  f i l e .  

I n  1973, S k y l a b  w a s  a lso saved  by human i n t e r v e n t i o n .  A 
micrometeorite s h i e l d  tore away a t  l a u n c h  l e a v i n g  t h e  
s p a c e c r a f t ' s  h u l l  bare to u n f i l t e r e d  s u n l i g h t .  The s h i e l d  also 
r i p p e d  away one  solar power wing and jammed t h e  o t h e r .  Ten d a y s  
l a t e r ,  NASA e n g i n e e r s  had p r e p a r e d  t h e  tools to  s a l v a g e  t h e  l a b  
and l aunched  them w i t h  t h e  S k y l a b  1 crew. A s t r o n a u t s  C h a r l e s  
Conrad and Joe Kerwin clipped metal w i t h  a pair  of modifed ga rden  
s h e a r s  t o  free t h e  jammed wing and i n s t a l l e d  a p a r a s o l - l i k e  
d e v i c e  to shade t h e  lab .  

And l a s t  y e a r ,  a s t r o n a u t s  r e t r i e v e d ,  repaired and redeployed  
a s a t e l l i t e  t h a t  m a l f u n c t i o n e d  and b r o u g h t  t w o  o t h e r s  back f o r  
repair. 

Today, w e  know t h e s e  k ind  of heroics are o n l y  a f o r e r u n n e r  
of what w e  w i l l  be do ing  r o u t i n e l y  i n  j u s t  a few s h o r t  y e a r s  when 
t h e  Space S t a t i o n  is up and o p e r a t i n g .  Our most c r e a t i v e  d a y s  i n  
space l i e  ahead. Smar t  machines ,  c o n t r o l l e d  and managed by 
humans, c o u l d  enhance ou r  s k i l l s  and a b i l i t i e s  manyfold,  and 
c o u l d  e x t e n d  our  r e a c h ,  l i t e r a l l y ,  to t h e  s tars ;  

isolate  man from t h e  great problems of n a t u r e ,  b u t  p lunges  him 
more d e e p l y  i n t o  them." A new g e n e r a t i o n  of  automated and robotic - -  
t echno logy  to  expand o u r  a b i l i t i e s  i n  s p a c e  c o u l d  p lunge  u s  i n t o  
t h o s e  problems very d e e p l y ,  i ndeed .  

So our c h a l l e n g e  f o r  t h e  Space  S t a t i o n  is two-fold: t o  f i n d  
t h e  best  mix of humans and machines;  and to i n t e g r a t e  them i n t o  
s y s t e m s  of h i g h  r e l i a b i l i t y  to  a c h i e v e  g r e a t e r  e f f i c i e n c y  and 
h i g h e r  p r o d u c t i v i t y .  

Human g e n i u s  i n  space is c r e a t i n g  new d r u g s ,  s t r o n g e r  and 
l i g h t e r  metals and bet ter  worldwide communications.  Widespread 
u s e  of robotic and automated sys t ems  could f r e e  humans i n  space 
to be even  more c r e a t i v e  and i n n o v a t i v e .  The key is to  create a 
delicate b a l a n c e  of  human and machine i n t e l l i g e n c e .  And, i f  w e  
c a n  a c h i e v e  t h a t  b a l a n c e  on t h e  Space S t a t i o n ,  c l e a r l y ,  t h e  
t e c h n o l o g y  b e n e f i t s  w i l l  also f low to American i n d u s t r y  and l e a d  
t o  p r o d u c t i v i t y  g a i n s  on e a r t h  as w e l l .  

I know S e n a t o r  G a m ,  who was r e s p o n s i b l e  f o r  t h e  o r i g i n a l  
mandate,  w i l l  a g r e e  t h a t  Congres s  and NASA are on t h e  same track 
i n  o u r  j o i n t  d e s i r e  to use  t h e  Space S t a t i o n  to  advance U n i t e d  
S ta tes  t e c h n o l o g y  i n  au tomat ion  and robotics. W e  a lso a g r e e  on  
t h e  need f o r  a c o n c e n t r a t e d  r e s e a r c h  and development  e f f o r t  i n  

to  s t r e t c h  human c a p a b i l i t i e s  i n  s p a c e  by making machines  smarter 
and more r e s p o n s i v e .  

users and customers as  t h e  Space  S t a t i o n  c o n t i n u e s  to e v o l v e  
th rough  t h e  t u r n  of t h e  c e n t u r y  and beyond. And w e  welcome t h e  
open ing  Congres s  gave us  i n  J u l y  1 9 8 4  i n  P.L. 98-371, to  p u t  t h e  

In 1939, A n t o i n e  Sa in t -Exupery  wrote: "The machine does  n o t  . 

~ 

. t h e s e  t e c h n o l o g i e s  to enhance human p r o d u c t i v i t y  i n  space. 
NASA welcomes t h e s e  c h a l l e n g e s .  We welcome t h e  o p p o r t u n i t y  

W e  welcome t h e  chance  to be t t e r  s e r v e  t h e  complex needs of 

- v n  
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best  b r a i n s  i n  t h e  c o u n t r y  to  w o r k  examining t h e  p o t e n t i a l  for 
automation and robotics t e c h n o l o g i e s  and t h e i r  future  evolution 
for u s e  on t h e  Space S t a t i o n .  

Many of  you were invo lved  i n  t h i s  e f f o r t ,  and I thank  you 
f o r  your  f i n e  work. I t  produced two major reports: one by t h e  
NASA Advanced Technology Adv i so ry  Committee; and t h e  o t h e r ,  by 
t h e  Automation and Robotics P a n e l  of t h e  U n i v e r s i t y  of 
C a l i f o r n i a ' s  C a l i f o r n i a  Space I n s t i t u t e .  

These  reports a f f i r m e d  our  n a t i o n a l  goal of advancing  
au tomat ion  and robotics t e c h n o l o g i e s  and o u r  i n t e n t i o n  to a p p l y  
these t e c h n o l o g i e s  to t h e  Space S t a t i o n .  The committee's report 
s e t  f o r t h  g o a l s  f o r  t ime-phased i n c o r p o r a t i o n  of  au tomat ion  and 
robotics i n  t h e  basic Space S t a t i o n  and i ts  i n f r a s t r u c t u r e .  I t  
emphasized t h a t  we c o u l d  make  much g r e a t e r  use of t h e s e  
t e c h n o l o g i e s  i f  r e s e a r c h  and development  were accelerated i n  a n  
augmented program; The committee d i d  n o t  e v a l u a t e  f u n d i n g  
r e q u i r e m e n t s  to d e v e l o p  t h e  t e c h n o l o g i e s  for such  a program, b u t  
t h e  CalSpace p a n e l  d i d .  

The p a n e l  s u g g e s t e d  t h a t  a d d i t i o n a l  f u n d i n g  amounting to 1 3  
per c e n t  of t o t a l  Space S t a t i o n  costs be allocated f o r  a s t r o n g  
augmented a p p l i c a t i o n s  r e s e a r c h  program. I t  b e l i e v e s  t h e  minimum 
acceptable l e v e l  would be an  a d d i t i o n a l  s even  per c e n t  of t o t a l  
costs. The p a n e l  a rgued  t h a t  such  an augmented program would 
i n c o r p o r a t e  au tomat ion  and robotics t echno logy  a t  a much fas te r  
pace t h a n  t h e  basic program would .  The r e s u l t  would be 

e v o l v e s .  NASA a g r e e s  w i t h  t h a t  a s ses smen t .  
Those  two reports, a l o n g  w i t h  a se t  of  s i x  s u p p o r t i n g  

s t u d i e s  done by f i v e  a e r o s p a c e  c o n t r a c t o r s  and SFU I n t e r n a t i o n a l ,  
have been  p r o v i d e d  t o  a l l  o u r  Phase  B c o n t r a c t o r s .  W e  e x p e c t  ou r  
c o n t r a c t o r s  to be gu ided  by them as t h e y  c o n t i n u e  t h e  d e f i n i t i o n  
and p r e l i m i n a r y  d e s i g n  of Space S t a t i o n  e l emen t s .  Indeed ,  w e  have 
r e q u i r e d  t h a t  t h e  c o n t r a c t o r s  s u b m i t  au tomat ion  and robotics 
p l a n s  to  u s  as one  of t h e i r  p r o d u c t s .  And w e  w i l l  c o n t i n u e  t o  
moni tor  t h e i r  p r o g r e s s  and report to Congress  semi -annua l ly  as 
work p roceeds .  

W e  are v e r y  p l e a s e d  and encouraged  by ou r  c o n t r a c t o r s '  
s t r o n g  and p o s i t i v e  r e sponse .  They are i n t e g r a t i n g  au tomat ion  and - 
robotics i n t o  t h e i r  work .  And when Phase  B is completed i n  
Janua ry  1987, w e  are c o n f i d e n t  t h a t  o u r  cost models w i l l  i n c l u d e  

. p r o j e c t i o n s  f o r  au tomat ion  and robotics a p p l i c a t i o n s  for t h e  
Space  S t a t i o n .  

The f i r s t  c a t e g o r y  of  t h e s e  a p p l i c a t i o n s  w i l l  be crucial  to 
t h e  s t a t i o n ' s  basic o p e r a t i o n s .  They w i l l  be i n c l u d e d  i n  t h e  
development  estimate w e  w i l l  s u b m i t  to  OMB and t h e  Congress .  

A second c a t e g o r y  would enhance t h e  p r o d u c t i v i t y  of t h e  
Space  S t a t i o n ,  bu t  would n o t  be mandatory  for its operation. We 
i n t e n d  t o  recommend some a p p l i c a t i o n s  from t h i s  c a t e g o r y  as par t  
of o u r  development  program. 

The t h i r d  c a t e g o r y  of p o t e n t i a l  a p p l i c a t i o n s  would p r o v i d e  a 
new g e n e r a t i o n  of machine i n t e l l i g e n c e  and robotics f o r  an  
e v o l u t i o n a r y  Space S t a t i o n .  T h e  r e s e a r c h  and t echno logy  
d e v e l o  ment recommended by t h e  Automation and Robotics p a n e l  
would fead to  t h e s e  major advances ,  which would a l s o  have a g r e a t  
impact  on t e r r e s t r i a l  i n d u s t r i e s .  

p r o g r e s s i v e l y  g r e a t e r  p r o d u c t i v i t y  from t h e  S t a t i o n  as i t  - -  
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C l e a r l y ,  i f  w e  were to  i n c l u d e  a l l  of t h e  a p p l i c a t i o n s  i n  
t h e  second c a t e g o r y  and a l l  i n  t h e  t h i r d ,  we would need 
a d d i t i o n a l  f u n d i n g  beyond o u r  o r i g i n a l  $8 b i l l i o n  development  
budget  for, t h e  Space S t a t i o n .  

around t h i s  a c t i v i t y  and "go for i t ,"  we w i l l  do so g l a d l y .  Bu t  
w e  w i l l  have to  spend more t h a n  our  o r i g i n a l  estimate. The 
Automation and Robotics P a n e l  estimates it c o u l d  cost from 7 t o  
13 per c e n t  more. B u t  w e  r ea l ly  do n o t  know for s u r e  a t  t h i s  
p o i n t .  

What we do know is t h a t  such  an a d d i t i o n a l  i nves tmen t  would 
be we l l - spen t .  A t  a t i m e  when w e  f a c e  i n c r e a s i n g  c o m p e t i t i o n  i n  
t h e  commercial u s e  of space, w e  w o u l d  reap s u b s t a n t i a l  r e t u r n s  i n  
greater Space S t a t i o n  p r o d u c t i v i t y .  And t h e  t r a n s f e r  of advanced 
e x p e r t  sys t ems  back to o u r  economy on ear th  c o u l d  r e s u l t  i n  major 
p r o d u c t i v i t y  improvements,  n o t  o n l y  i n  basic i n d u s t r i e s ,  b u t  also 
i n  h e a l t h  care, t r a n s p o r t a t i o n ,  communicat ions and many o t h e r  
f i e l d s .  

For more t h a n  two and one-half  decadesr NASA and ou r  
p a r t n e r s  i n  i n d u s t r y  and academia have t a k e n  on many c h a l l e n g e s .  
Our work  h a s  pushed back knowledge f ron t i e r s  on e a r t h  and i n  
space. I t  has made t h e  unknown known and t h e  impossible possible. 

The -Space  S t a t i o n  w i l l  g i v e  u s  t h e  o p p o r t u n i t y  t o  take on 
even greater c h a l l e n g e s  and to  push those f r o n t i e r s  back st i l l  
f u r t h e r - .  New t e c h n o l o g i c a l  b r e a k t h r o u g h s  - d i s c o v e r i e s  we can  
h a r d l y  imagine  t o d a y  - one day  c o u l d  become r ea l i t i e s  to  b e n e f i t  - -  
a l l  mankind. 

I n d e e d ,  t h e  possibilities are l i m i t e d  o n l y  by o u r  own 
courage  and i m a g i n a t i o n .  

I n  Shakespeare's "Measure for Measure," L u c i o  says: 
"Our d o u b t s  are t ra i tors  
And make-us lose the good w e  o f t  might  win 
By f e a r i n g  to attempt." 
When c o n f r o n t e d  w i t h  g r e a t  c h a l l e n g e s ,  t h i s  great  n a t i o n  has  

T o  p u t  it a n o t h e r  way, if Congres s  wants  u s  t o  wrap our arms 

never  feared to attempt. And I b e l i e v e  w e  w i l l  c o n t i n u e  to push 
on,  across t h e  
c o n v i c t i o n .  

A s  people 
dream and free 
no less. 

Thank you 

f r o n t i e r s  of 

who are free 
to  t r a n s f o r m  

v e r y  much. 

- 
t h e  unknown, w i t h  courage  and 

to t h i n k ,  free to e x p l o r e ,  f r e e  to 
our  dreams i n t o  r e a l i t i y ,  w e  can  do 


